ABSTRACT Aims/Introduction: Frequent emergency department (ED) visitors are medically vulnerable individuals. We identified the characteristics of "frequent ED users" among Korean patients with type 2 diabetes mellitus. Materials and methods: We used the Health Insurance Review and Assessment Service National Patient Sample, which is a nationally representative sample. Patients (n = 109,412) with type 2 diabetes mellitus as a primary or secondary diagnosis at one of their visits were included. Individuals were classified into three groups according to the number of ED visits: frequent (≥4 visits), occasional (<4 visits) and non-users of the ED. The characteristics of the patients that distinguished frequent users from the other groups were investigated. Results: Frequent ED users were mainly men (P < 0.001), with longer treatment duration (P < 0.001), more frequent comorbidities (cardiovascular and chronic kidney disease) and primary diagnosis made by surgery (P = 0.0028). They had higher mortality (P = 0.0085), longer hospitalization duration (P < 0.001), higher costs per visit (P < 0.001) and more often required medical protection (P < 0.001). These patients were treated more frequently with sulfonylurea, insulin, meglitinide and alpha-glucosidase inhibitors (P < 0.05).
INTRODUCTION
Type 2 diabetes mellitus is an increasing problem worldwide. A total of 366 million people suffered from diabetes mellitus in 2011 1 . Whiting et al. 2 and the International Diabetes Federation 3 estimated that 552 million people could have diabetes mellitus by 2030, and that the number of people affected by type 2 diabetes mellitus could increase to 439 million. However, this increase would depend on the geographic area, as the incidence of type 2 diabetes mellitus is affected by environmental and lifestyle risk factors 4 . Chan et al. 5 suggested that type 2 diabetes mellitus is increasing mainly in developing countries, such as Asia, rather than in developed countries. Type 2 diabetes mellitus is associated with several complications if not controlled properly, which can potentially lead to other serious diseases. Furthermore, an American Association study 6 showed that complications as a result of type 2 diabetes mellitus increase healthcare costs. Vojta et al. 7 reported that the mean annual total costs for diabetes complications are approximately $20,700 per patient, which is almost threefold the mean cost for patients without complications as result of diabetes mellitus (i.e. $7,800).
The rate of emergency department (ED) visits by patients with diabetes mellitus in the USA is more than twice that of the general population. Similar results have also been reported in the UK 8, 9 . ED visits are associated with increased medical costs 10 . Therefore, frequent ED visitors could be spending a significant proportion of the total healthcare system expenses. However, no study in the Korean population has clarified the common features of frequent ED users with type 2 diabetes mellitus patients.
In the present study, we analyzed frequent ED (FED) users among patients with type 2 diabetes mellitus in the Korean healthcare system. We identified the relevant characteristics of FED users in the Korean healthcare system by comparing the features of these patients with the characteristics of occasional ED (OED) and non-ED (no ED) users among patients with type 2 diabetes mellitus using a nationally representative dataset.
METHODS

Data
National Health Insurance was introduced to South Korea in 1977, and has provided medical insurance to all Koreans since its introduction. It is a compulsory health insurance program that covers >97% of the Korean population.
The Health Insurance Review and Assessment Service (HIRA) is a government organization that reviews National Health Insurance claims for reimbursement. The HIRA database contains claims from a mean of 46 million patients annually, which accounts for 90% of the total Korean population.
Given the enormous number of claims, HIRA has developed national patient samples to simplify accessibility to the data, which are extracted using a stratified randomized sampling method. The data are organized into five sets, including sociodemographic data, diagnostic information, outpatient descriptions, data on healthcare services provided and information on healthcare service providers 11 . The data for this analysis were claims extracted from 1 January 2009 to 31 December 2009.
It has been possible to obtain information on patients with type 2 diabetes mellitus in 2009 using the HIRA database, such as demographics (sex and age), mortality, medical costs, care information (days of recovery and treatment) and diseases discovered during visits.
Study participants
We considered two variables that defined the primary and secondary diagnostic codes of the Korean Standard Classification of Disease Version 5 to analyze patients with type 2 diabetes mellitus. In the present study, we did not consider patients with type 1 diabetes mellitus who visited the ED. Because few ED patients had type 1 diabetes mellitus (5% of the total sample), our analysis was not affected by this choice, as we checked explicitly.
We compared FED users, OED users and patients with type 2 diabetes mellitus who did not use the ED during 2009 to identify discriminating characteristics. The FED and OED users were patients with type 2 diabetes mellitus as a main or secondary diagnosis on arrival at the ED. Patients who had type 2 diabetes mellitus during 2009, but declared a different disease as a primary or secondary diagnosis on arrival at the ED, were not considered ED users, because they had not yet been diagnosed with type 2 diabetes mellitus. For example, if a patient made three visits and only one of them was in the ED (the first one) and declared diabetes mellitus in the visits that were not in the ED, the patient was not included in the analysis, as when they went to the ED, they did not have diabetes yet.
Thus, we considered all visits to the ED by patients who already had type 2 diabetes mellitus. The no ED users were patients with type 2 diabetes mellitus as a primary or secondary diagnosis, but who had never visited the ED declaring type 2 diabetes mellitus as a primary or secondary diagnosis during 2009.
We classified patients with type 2 diabetes mellitus as FED users if they visited the ED at least four times, which is the most commonly used threshold 12 . Patients with fewer than four visits were classified as OED users. Those with type 2 diabetes mellitus who did not visit the ED declaring a diagnosis of type 2 diabetes mellitus were defined as no ED users.
Study design
We carried out a retrospective cross-sectional study using claims data for the comparisons of FED vs OED users and FED vs no ED users.
We evaluated the following patient factors using the HIRA database: age, sex, comorbidities, death, operation for primary disease, use of other departments, treatment duration, hospitalization duration, health expenses, health self-expenses, medical protection and usual drugs taken (sulfonylurea, metformin, insulin, dipeptidyl peptidase-4 inhibitors, meglitinide, thiazolidinedione [TZD] , and a-glucosidase inhibitors [AGI]).
Comorbidities were defined by secondary diagnostic codes. If patients did not have a secondary code at all visits, they were considered not to have comorbidities. Therefore, a patient was classified with comorbidity if in at least one visit during 2009 they declared to have another disease different from the health condition that led the patient to make a visit.
Surgery for primary disease was assigned to patients who underwent surgery after at least one of their visits. An individual who did not have surgery after all visits was considered not to have had an operation for primary disease.
Treatment and hospitalization durations were defined by the mean periods of outpatient care and recovery in the hospital including all visits by each patient. We obtained information on the duration of care (in days) for each visit, and computed the mean number of days of care for all visits for each patient. The same approach was used for hospitalization duration. Regarding care, we also investigated the presence of particular drugs that often are taken by people with type 2 diabetes mellitus; each of these drugs was assigned only to patients who declared taking the drug on at least one visit. We considered these drugs, as hypoglycemia is a common side-effect for some of them, such as insulin and sulfonylurea.
We defined health expenses as the mean cost per visit, and self-expense (out-of-pocket) as the mean total cost not covered by health insurance.
Patients with high self-expenses also had high health costs per visit (e.g., patients with a serious health condition), and for this reason insurance was unable to cover the entire amount. It was also possible for a patient not to have a high cost per visit, but with insurance covering only a small part of the total cost (e.g., patient in a bad financial situation).
We also considered medical protection to understand the socioeconomic level of the patient. Indeed, these patients had incomes lower than the poverty level (such as patients who were homeless, had venereal diseases).
Finally, we considered "other departments" to determine if the patients visited departments other than the ED during 2009 to understand the severity of the health and economic statuses of the patient. This variable was considered only in the comparison between frequent and occasional ED users, as patients in the no-ED group always visited other departments.
Statistical analysis
The v 2 -test was used to estimate the associations between FED users with type 2 diabetes mellitus and categorical variables. One-way analysis of variance was used to compare the means of the continuous variables among the three groups (no ED, OED and FED users). We applied two multiple logistic models (FED vs OED users and FED vs no ED users) to estimate the statistical association among these variables. Binary variables were used to define the two groups (1: FED users, 0: OED users or no ED users). Discrete variables, such as sex, comorbidities, death, operation for primary disease, other departments, medical protection and drugs taken (sulfonylurea, insulin, etc.) were included in the multiple logistic models along with the binary variables. The remaining variables were treated as continuous predictors in the models. We calculated a frequency table to define the percentages of visits by patients with several diseases for each of the two groups to evaluate the relationship between the number of ED visits and the presence of diseases other than type 2 diabetes mellitus. SAS version 9.3 (SAS Institute, Cary, NC, USA) was used to carry out the analysis.
RESULTS
Overview of study progress
The total number of patients in the HIRA national patient samples was 1,116,040, 11% of whom had diabetes mellitus (n = 117,348). Patients with type 2 diabetes mellitus (code: E11.X, E12.X, E13.X, E14.X) accounted for 93% (n = 109,412) of all individuals with diabetes mellitus. Among all patients with type 2 diabetes mellitus, 92% were "no ED users" (n = 101,185), and 8% were ED users (n = 8,227; Figure 1 ). These 8,227 ED users made 10,863 visits to the ED declaring type 2 diabetes mellitus during 2009. FED users accounted for 10% (n = 849 patients) of all ED users, and 24% (2,641 visits) of all visits in ED declaring to have type 2 diabetes mellitus (10, 863) .
Of the patients with type 2 diabetes mellitus, 59% (n = 64,758) had at information on the drugs they usually take. Of this group, 88% were defined as "no ED users" (n = 56,862), and 12% as "ED users" (n = 7,896).
Characteristics of FED users with type 2 diabetes mellitus by univariate analysis The FED users with type 2 diabetes mellitus were mainly men (P < 0.0086), who did not often visit departments other than the ED with medical protection (P < 0.001) when we compared FED users with OED users. When we compared FED users with no ED users, we found that FED users had higher frequencies of comorbidities, mortality, surgery for primary diagnosis and more frequent use of prescription type 2 diabetes mellitus drugs; on at least one of the visits, 16% of the no ED users claimed to take sulfonylurea vs 33% in the group of frequent ED users. Insulin use was also more frequent in the group of frequent ED users (58% vs 28%; Table 1 ).
The three groups had significantly different characteristics (P < 0.001; Table 1 ). FED users with type 2 diabetes mellitus were older, had longer hospitalization durations and had higher healthcare expenses compared with the other groups.
Presence of comorbidities in the ED users with type 2 diabetes mellitus Table 2 shows the 10 most common primary diagnoses, excluding type 2 diabetes mellitus. Approximately 2.2% of all ED visits (n = 10,863) by patients with type 2 diabetes mellitus were for cerebral infarction, and 2% of these visits (n = 225) were for end-stage renal disease. Among these visits, 63 were by FED users and 162 by OED users. Among all visits by FED users who declared type 2 diabetes mellitus (n = 2,641), 2.8% (the highest percentage in the table for the FED users group) were for chronic renal failure. The highest proportions of ED visits by FED users were for end-stage renal disease, hypertension and cerebral infarction.
Therefore, some patients went to the ED for problems directly related to type 2 diabetes mellitus (e.g., side-effects of antidiabetes treatment), and another group comprised people with type 2 diabetes mellitus who went to the ED mainly for other health problems caused by renal and cardiovascular diseases (hypertension, cerebral infarction, chronic renal failure and end-stage renal disease; Table 2 ).
Furthermore, we found that FED users with type 2 diabetes mellitus who had cerebral infarction as a primary diagnosis were more likely to have had surgery for a primary disease compared with OED users with the same primary diagnosis (adjusted odds ratio [OR], 4.375; P = 0.043). Table 1 ). A significant difference in out-of-pocket expenses was also detected by patients among the three groups (P < 0.001; Table 1 ).
Furthermore, the patient subgroup with renal disease or circulatory system problems other than type 2 diabetes mellitus spent 10% ($1,914,314) of total medical expenses.
Medical protection
Individuals whose income is below the poverty level receive medical benefits from the Korean government. FED users with type 2 diabetes mellitus and medical protection were mainly men (adjusted OR, 0.667; P = 0.0007), and had not visited departments other than the ED (adjusted OR, 0.466; P < 0.001) compared with OED users with the same diagnosis.
Drugs
The group of frequent ED users had a higher frequency of people who took some of the analyzed drugs (Table 1) . Frequent ED users took sulfonylurea, TZD, AGI and insulin more often than did occasional ED users (adjusted OR >1; P < 0.05; Table 3 ). Comparing frequent ED users with no ED users, meglitinide was also taken significantly more often by people who went to the ED repeatedly (adjusted OR >1; P < 0.05; Table 3 ). However, when we compared frequent ED with no ED users, we did not find a difference in TZD intake.
Sulfonylurea, insulin, metformin, meglitinide, TZD and AGI were associated with a longer treatment duration (adjusted OR >1; P < 0.05); only metformin was associated with a longer hospitalization duration (adjusted OR 1.005; P = 0.003). Insulin was associated with a higher frequency of mortality (adjusted OR 2.987; P < 0.001).
Furthermore, we found that patients who took sulfonylurea or insulin tended to have only type 2 diabetes mellitus when they went to ED; indeed, they had a lower frequency of comorbidity (adjusted OR <1; P < 0.05). Instead, people who took TZD or AGI had pathologies other than type 2 diabetes mellitus when they arrived in the ED (adjusted OR >1; P < 0.05).
Multivariate analysis
Frequent ED users were associated with male sex (adjusted OR, 0.696; P < 0.001), longer period of care (adjusted OR 1.013; P < 0.001), more frequent comorbidities (adjusted OR 2.097; P = 0.0028), higher mortality (adjusted OR 1.949; P = 0.0085), more frequent surgery for the primary diagnosis (adjusted OR 1.505; P < 0.0001), longer period of recovery in the hospital (adjusted OR 1.050; P < 0.001) compared with no ED users. Also, this group was characterized by more expensive visits shown by a significant measure of association very close to 1, but bigger than it (adjusted OR >1; P < 0.001), and higher out-of-pocket medical expenses (adjusted OR >1; P = 0.0049) than no ED users. Finally, frequent ED users had more frequently a medical protection (adjusted OR 2.778; P < 0.001) compared with no ED users. Finally, they took some drugs more frequently than did the other group: sulfonylurea, insulin, meglitinide and AGI (adjusted OR >1; P < 0.05; Table 3 ).
DISCUSSION
Frequent ED users with type 2 diabetes mellitus accounted for 10% of all ED patients with type 2 diabetes mellitus and 24% of all ED visits. This group accounted for 22% of all medical expenses. Frequent ED users with type 2 diabetes mellitus were more likely to be male, and to have a longer duration of treatment, more frequent comorbidities, more frequent surgeries for the primary diagnosis, higher mortality, visited departments other than the ED less often, a longer duration of hospitalization and more expensive visits with higher out-of-pocket expenses per visit. Furthermore, regarding treatment, they more frequently took drugs for type 2 diabetes mellitus: sulfonylurea, insulin, meglitinide and AGI. These patients were also more likely to have medical protection and, therefore, lower socioeconomic status.
Patients with medical protection, such as the homeless (individuals included in the present analysis), tend to require a high level of care, and they are treated at the ED, as pointed out by Padget et al. 13 and Hwang
14
. It is estimated that homeless people are admitted to the hospital up to five times more often than the general population, and tend to stay for a longer period (Martell et al.
15
, Salit et al.
16
). The long recovery period leads to increased medical care costs, as discussed by Salit et al. 16 Hwang and Bugeja 17 estimated that 72% of homeless people with medical protection and diabetes in Toronto have problems managing their health condition, which could explain why patients with medical protection who visited the ED also tended to have serious health conditions.
The reported prevalence of macrovascular disease and peripheral vascular disease were significantly higher in Korean patients with type 2 diabetes mellitus than normal populations 18 . We found that FED users with type 2 diabetes mellitus often had serious cardiovascular (hypertension and cerebral infarction) and renal (end-stage renal disease and chronic renal failure) comorbidities, as patients with type 2 diabetes mellitus who visited the ED often had longer hospitalization and care duration, confirming our projections. The FED group had more visits for chronic renal failure, which is reasonable because chronic diseases are more common in this group 19 . FED users more frequently took drugs used to treat type 2 diabetes mellitus that are also associated with hypoglycemia: sulfonylurea, insulin and meglitinide. Furthermore, we found that patients who took sulfonylurea or insulin tended to have only type 2 diabetes mellitus when they went to the ED, showing the possibility that these patients went to the ED for reasons associated with type 2 diabetes mellitus, such as side-effects of the therapy.
Some studies 20, 21 showed that patients with type 2 diabetes mellitus treated with sulfonylurea, if not monitored carefully, have an increased risk of hypoglycemia and mortality. Hypoglycemia is also associated with longer hospital stays, more hospital visits and increased medical expenses 22 . People who often visited the ED also more often took an AGI than no ED users, and TZD compared with occasional ED users.
These drugs are known to have a good efficacy in people with type 2 diabetes mellitus and cardiovascular (AGI) and renal (TDZ) problems: TZD has been found to be effective in type 2 diabetes mellitus for avoiding an increase in hypoglycemic episodes in patients with chronic kidney diseases 23 , and AGI is efficacious for treating type 2 diabetes mellitus without cardiovascular side-effects 24 . The present results were in accordance with the literature, as we found that patients who took TZD or AGI had pathologies other than type 2 diabetes mellitus when they arrived in the ED.
Furthermore, AGI are also associated with poor adherence 25 because of side-effects, such as diarrhea and flatulence. Therefore, a lack of adherence to therapy could worsen the health of patients and increase visits to the ED. The present results, based on data from 2009, seem in accord with the literature, showing the importance of the therapy with more attention to some drugs, such as insulin, sulfonylurea, meglitinide and AGI. Also, it is important to monitor patients with cardiovascular and renal diseases, which seem to increase ED access.
The present study provides the first analysis of the aspects of healthcare in Korean patients despite the presence of some limitations. Indeed, we extracted patients with diabetes using just two diagnosis codes (primary and secondary) provided by HIRA datasets. Unfortunately, having just two variables for the diagnosis, it was possible to exclude some patients with diabetes who went to the ED for a different problem (such as renal stone) and who declared another more serious disease than diabetes during ED visits. Therefore, this limitation led to reducing the sample size by avoiding patients with more than two comorbidities characterized by diabetes as the less important disease. Indeed, patients included in the present analysis were people who had some visits during 2009 year due to problems correlated directly with diabetes or patients with diabetes as the main disease that visited the ED for other illness.
Also, analyzing data for only 1 year did not allow us to consider the time of diabetes onset, which would be useful information to add in the analysis, as it is expected that patients with a diagnosis of diabetes for a longer time could have a worst health situation, and therefore, they would have more visits to the ED. Therefore, this limitation led to analyzing less informative data, and it would be interesting to carry out a population-based long-term follow-up study in order to confirm the present results. 
